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Abstract 
The progress in the development of computing machinery and software leads to new opportunities in design and research of 
different hardware. One of the popular instruments for scientists and engineers is MATLAB/Simulink software package which 
allows not only making complex mathematical calculations but also various hardware simulations. Simulink library contains a 
wide spectrum of computer devices and modules models. However, the existing data bank content in some cases does not 
correspond with the software user requirements. The present paper describes the opportunities of MATLAB/Simulink resources 
expansion by building extra computer models based on S-Function module usage. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-
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1. Introduction 
Digital control systems prevalence more and more in the World. At the same time, engineers and scientists 
develop and improve such aids of design and analysis as software support for mathematic modeling and 
computational analysis, high-level languages, software development as well as hardware-controlled capabilities of 
computing machinery. 
The usage of simulation approaches on the R&D stage of control system development enables not only the 
significant shortage of research, development and experiment expenses but reduces the development time. 
Today there are many software packages intended for simulation (MATLAB, Scilab, VISSIM) [1]. However, 
there is a lack of computation models and approaches that would simplify the research of features of the machinery 
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on the early stages of its development [2].  
2. Problem definition 
Research of the development process efficient improvement and development of complex object control systems 
with the help of mathematic modelling, numerical methods and software packages using the multipurpose controller 
as a sample [3,4]. The system model should support the programming with the high-level language to provide the 
transferability of control program on the target system. The widely distributed and well known by scientists and 
engineering organizations MATLAB/Simulink software package for mathematic computation from Mathworks 
Incorporation, is used as the instrument for research and development [5,6]. 
3. Theoretical base 
MATLAB solver is a component of the Simulink software solver. The Simulink buildup for the solver was 
developed by Mathworks Incorporation to simplify the modeling process of different systems. This product provides 
an extensive library of solvers, each of which determines the time of the next simulation step and applies numerical 
methods to make mathematic operations with different objects (numbers, vectors, matrices) as well as to solve the 
sets of ordinary differential equations that represent the model. In the process of solving this initial value problem, 
the solver also satisfies the accuracy requirements specified by operator. In addition, the Simulink library provides 
the big library of different device models with mathematic description documentation. However during the 
development of control system not only control object models are required, but also the model of controlling device 
which complexity varies from task to task which in turn generates a challenge of universal approach for the 
development of controlling device model. The building structures could be simplified significantly in this case and 
would not contain the long line of repetitive blocks [7, 8]. 
Operator may generate individual blocks and combine them in libraries for the further usage in Simulink. There 
are generally two approaches: graphical and programming. Graphical approach allows the building of the model 
from standard Simulink blocks for simulating the control system functions [9]. This approach is not universal [10-
12], as the transfer of the development results on the target control system requires time-consuming operations for 
adaptation of developing control device features to the results of computer model built. Programming approach is 
more universal due to the capability of building a computer model of the device, which is based on the features, and 
algorithms of control device operation [13, 14]. In turn the operation of this device should be supported by the 
software written on the high-level language suitable both for computer model control and target device. 
The task is to build a user block simulating the operation of control system in accordance with the built-in 
algorithm using the programming code of target system with microprocessor control 
Experimental procedure The S-Function block is provided by Simulink for capability of building the user block 
with different properties. This block should be supplied with the description of its operation and associated with the 
program written on the high-level language. The description of the operation of the block could be made on “C” 
language which will allow a simple transfer of this program on the target device. 
As a sample of building a computer model with the help of S-Function, we used a battery charger. The general 
view of the model is presented on Fig.1.  
The model contains the following main blocks: 
3 phase source – three phase electric energy source for charging device; 
3 phase load – block simulating the loading of electric grid and containing current and voltage sensors for each 
phase, and controlled resistors for loading simulation; 
Controller – block with the functions of battery charger controller, containing S-Function block communicating 
with control program on the high-level language; 
Battery array – the array of battery elements simulating the behaviour of a real battery and generating a signals 
carrying information about the battery status for charging controller; 
Scope – software-based oscilloscope for registering different signals during numerical experimental testing; 
Solver Configuration – block of numerical experiment parameter adjustment required for correct models 
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operation. 
Fig. 1. General view of the model. 
Thereby the base of controlling device is the «Controller» block receiving the measured system parameters from 
sensors and forming the control signals. The structure chart of this block is presented on Fig. 2. 
Fig. 2. Structure chart of control device. 
The structure chart of control device shows that the controlling device is based on the S-Function block built with 
the help of software written on the high-level language. 
MATLAB/Simulink software environment has the built-in file editor for editing the source text of the initial 
software without using the off-site programs. The editor window is presented on Fig.3. 
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Fig. 3. Program text editor window. 
The text of the program presents the C-code containing “C” language operators and functions as well as a 
callback-functions with macro commands communicating with Simulink data types and running the commands and 
functions of this package. The callback functions data are activated not by C-file itself but with Simulink 
environment. Macro commands of callback functions have a prefix “ss” and directed on the operation with the 
SimStruct structure containing all information used for modelling. These macro commands support the 
communicating of the program with the computer model during the numerical experimental testing. In addition to 
the callback functions C-file may contain the instructions activating the interface functions available in Matlab 
package. These operations are controlled by functions with “mex” prefix. 
4. Results and conclusions 
The usage of S-Function technology may help to build any required block which logic and operation algorithm is 
written on the high-level language. The part of code, describing the block operation, may be transferred on the target 
system, which simplifies the development of software of control system operating under microprocessor control.  
The proposed approach of S-Function block usage is being universal for building any block for computer model, 
without limitation of researcher or developer by the finite Simulink library block set. 
The given approach helps to increase the efficiency of the process of design and development the control systems 
of complex objects using the mathematic modelling, numerical methods and software packages.  
The practical result of the research is the computer model of the multi-functional battery-charging device 
intended for the virtual testing of control system parameters under different charging strategies and control 
algorithms. 
Research was supported in part by R.F. Ministry of Education under Grant 14.577.21.0154 dated of 28.11.2014 
(unique identifier is RFMEFI57714X0154).  
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